1 05/05/2006 | NK FOR PRI NTI NG CONTACT LENSES, A PRI NTI NG PRCDES%% 2006
COLOURED CONTACT LENSES, AND LENSES MADE THEREBY Fi el d of |nventi™on ﬁis
invention relates to an ink for use in the colouring of contact |enses, as
well as a method for the colouring of contact |enses, and | enses produced

t her eby. BackYK &R PRINTING OONTAGCT KENSEShA BRENEINGPRQGCESSIOR have been
made to nodify or change the appearance of the col our of eyes using

col oured cont PWOLCAMRED, CONIA CRIENKES, JeNDIEENSES MADESPHEREEYPL S to
produce an opaque lens with a natural 10 appearance are disclosed in U S

Patents. Nos. 3,536, 386, (Spivak), 3,679,504 (Wchterle), 3,712,718
(LeGrand), 4,460,523 (Neefe), 4,719,657 (Bawa), 4,744,647, (Meshel et

al.), 4,634, 44%. (liegi(nl ngél Eur opean Patent Publication No. 0 309 154

(Al'l ergen), 04 ba- Geigy) and U K Patent Application No. 2 202
540A (1 GEL). nmer ci al| success was achi eved by the col oured contact |ens
described in WUhis inpgptip; relatgs to anggl fanpse igf thrisaloyring 98 crutapiplentss.ouy
contact lens was achieved by printing an intermttent pattern of opaque

i nk dots over weB @r @anghod férethe cmml@ringl efsorthcit leney,earsl {dnses pioglucedar i ous

efforts have been nmade to inprove 20 upon the success of the Knapp |ens
i ncl udi ng t hosthetibgcl osed in U S. Patent. No. 5,414,477 to Jahnke. O her

exanpl es of nethods for producing col oured

Background of the Invention

Over the years many attempts have been made to modify or change the
appearance of the colour of eyes using coloured contact lenses, with varying
degrees of success. Attempts to produce an opaque lens with a natural

10 appea.rancé are disclosed in U.S. Patents. Nos. 3,536,386, (Spivak), 3,679,504
(Wichterle), 3,712,718 (LeGrand), 4,460,523 (Neefe), 4,719,657 (Bawa),
4,744,647, (Meshel et al.), 4,634,449 (Jenkins), European Patent Publication

.No. 0 309 154 (Allergen), 0472 496 A2 (Ciba-Geigy) and UK. Patent

. Application No. 2 202 540A (IGEL).

Commercial success was achieved by the coloured contact lens described in

U.S.. Patent. No. 4,582,402 of Knapp. The Knapp colour contact lens was

| achieved by printing an intermittent pattern of opaque ink dots over the area of

the contact lens that covers the iris. Various efforts have been made to improve

20 wupon the success of the Knapp lens including those disclosed in U.S. Patent.
No. 5,414,477 to Jahnke. Other examples of methods for producing coloured

contact lenses are described in U.S. Patents. No. 5,018,849 (SU et al), U.S.



contact |lenses are described in U S. Patents. No. 5,018,849 (SU g/ﬁ%)z 6
U.S. 2 10 05/05/2006 Patent. No. 5,302,978 (Evan et al.), US Ba/hed20¢P
5,120,121 (Rawings et al.), and U. S. Patent. No. 5,166,122 (Rawings). For
a colour binding and staining technique, U S. Patent. No. 4, 668, 240

(Loshaek) di scipagas Ny, GHQWBIECANERAY, USRI F8Rerd. 30820, 127 (R&%liﬁ%sgéter red

embodi nent, from |l ens polymers and bi ndi ng pol yners cont ai ni ng t

functional gro AN gfg—( ..t i onal conmpound contai ni ng at
| east two gr oug' ’Srér frdl(i)él%eu e Ooéqﬁﬁéigf%%’gfm (i socyanate). U. S. Patent.
No. 4,857,072 (Narducy) discloses a colour binding nechanism that is
different fromthat of Loshaek, but which also, inits preferred

enbodi nent, requires an isocyanate conpound. Although |enses produced in
accordance wi t hot Becelowhhisidingnand\staining tpeltnaques UlalatanbeNoa 4chfddfci al
success, their manufacture requires use of an isocyanate conpound for

bi ndi ng t he co{lashadkd dikdodee s eslouldie cosmacty dmsts prafwnad) uind ith aprefeeredr al

di sadvantages. It vapors are noxious, and toxic, if inhaled. Thus it nust

be used w th gifBddimet | #6m TS pPAEANLE SRIRRUMIynSers Chamisag | thevery
reactive with active hydrogen groups such as - in“water 20 nol ecul es.

Thus, | : at | Lf h I I . i
he:product | ont BRi POARRRY - 18 (TR R ap DGR G i oo™ '

pot-life problens. After it is added to the_col our coating ink, the
Vi scosity least two groups per molecule of the group -NCO (isocyanate).

10 U.S. Patent. No. 4,857,072 (Narducy) discloses a colour binding mechanism
 that is different from that of Loshack, but which also, in its preferred

embodiment, requires an isocyanate compound.

Although lenses produced in accordance with the Loshaek and Narducy patents
have been a commercial success, their manufacture requires use of an
isocyanate compound for binding the colour to fhe lenses. The isocyanate
'compound has several disadvantages. It vapors are noxious, and toxic, if
inhaled. Thus it must be used with great caution. The isocyanate compound is
chemically very reactive with active hydrogen groups such as —OH in water
20 molécules. Thus, its concentrations can be reduced, if such molecules are
present in the production environment. Its great reactivity also gives rise to ;
pot-life problems. After it is added to the colour coating ink, the viscosity
increases rapidly to a point where the ink must be discarded. The changing
viscosity makes control of the codthlg process difficult, and affects the quality

of the coating. It has now been found that the arrangement fails to work in



increases rapidly to a point where the ink nust be discarded. T i
viscosity nmakes control of the coatingsprocess difficult, and aﬁ%‘?gp%ﬁﬂ%

quality of the coating. It has now been found that the arrangenent fails
to work in 3 05/05/2006 practice. For instance, when the diisocyanate

conpound i s addegsto Porﬁﬁétﬂﬁc%rwﬁen {Halﬂlﬁbgfaﬂét@ bR blﬂﬁl it Q@déﬂ?‘t@ea{ﬁllﬂt&skno"m
HEMA (hydroxyethyl mechacryl ate) bondin agent o ymer, the conpound

reacts i medi a ondl n ent eI if t he

m xture. This ingén g}r%sIIt Q‘raﬁ’ﬁ’? tﬁe ge‘h‘?r%‘éysu % r@é‘?f%¥e%ﬁ %Cé] ﬁ?ﬁq S are
subst ances hi gp I%/F{harrn‘ul n heaItH and, th L,o the| se |n a
contact |ens pPPHIRHFEB RO enGRSPREd Feprls, e ]f”se wighgthe

5,272,010 (Quinn) disclosed a process wher eby one is not reqU|red to use
an i socyanat e egswmpoalytness thws galifieing dhe prisht. el hisueslerpprinting iifeayible.5713963
(Bensky) describes staining a contact |ens consisting of a polymer

cont ai ni ng hy dFatlydrmarelisotyamated axy butgtapugshighiyeiaemful pahtimah Hehith,sandf ace of
the lens is coated with a col our coating containing, as a

pol yercross- | i fhéieiere B Mse in R cHRARAHDriMihD photBddE BIVORRS a WeAMPSsIOr 2

m xture of such conpounds. Although they ave several advantages over
Loshaek' s enbodi nent, the preparations of the bondi ng agent pol yner, the
cross-1inking agent, and colour coating mx are conplicated. Variations in
the viscosity of e dlts bad dit resulted in
this process n@ts Bg ﬁ %ﬁﬁ%&@uﬂ@ éi:fﬁ b Presgst W&'FW:We ‘%/et’s? Qfge | ead
to pattern col our inconsi stency and to an |ncrease in the nunber of

| enses rej ect ¢8qUipd)to yge ppisgeyrmasFompouné ag ae edhssion promoter. U.S. Patent

10 No. 5713963 (Bensky) describes staining a contact lens consisting of a polymer
containing hydroxy! and/or carboxyl groups, wherein part of the surface of the
lens is coated with a colour coating containing, as a polyercross-linking agent,
a compound with two urethane groups or a mixture of such compounds.

~ Although they have several advantages over Loshaek's embodiment, the
pfeparations of the bonding agent polymer, the cross-linking agent, and colour
| coating mix are complicated. Variations in the viscosity of the colour coating
mix, and its bad fluidity, resulted in this process not being used in mass
production. Furthermore its use lead to pattern colour inconsistency, and to an
increase in the number of lenses rejected. All of this added to the cost of

20 producing coloured contact lens.

The object of the present invention is to address the problems of the prior art.
More particularly, it is an object of the present invention to use a colour ink
mixture containing acrylic pigmented polymer emulsion, and a co-solvent; as

well as a procedure enabling convenient colouring of contact lenses, and by



20 producing col oured contact |lens. The object of the present iny i i
to address the problens of the prior agt. More particularly,i{:bfis:égz%dd;6
obj ect of the present invention to use a colour ink mxture containing
acrylic pignmented polymer enulsion, and a co-solvent; as well as a

procedur e enabhkihith @REVER @i aditdrente JFAhOLol6@NnRUn h8NERSsurfBE nby vk
05/ 05/ 2006 which relatively firm adherence of the colour ink on the |ens

surface may be i [=Ts f Ny i S, rovi de a
dry lens print?ﬁ%h%%d&%gﬁfﬁﬁg gﬁQﬁ%@ggkﬁﬁé%%ﬁgiﬁﬁ?%9¥ﬁﬂékggp%ﬁ?ﬁ cont act
lens with a relatively natural ppear ance, Producing,a contact |ens by
pol ynmeri zat i on“4HE gﬂ%@%&‘{‘i‘é Te %%dﬁﬁgcof(%“%‘fqmackﬁ%ﬁgwr? ﬁeﬁ’élva]rytnaﬂﬁa i s not
to be considered to be a part of the present invention. 10 Summary of the
| nventi on Wt h2RR§@'28¢fove and ot her objects in mind, the present invention
provides a nethod for the printing of a contact |ens constructed of a
hydrophilic polynmer, the nethod including the steps of: a) Providing an
ink mixture including at |east one acrylic pignmented polyner emrul sion; b)
Printing the iPlododidg 4r &ntiet Uehsaby pylyn@isasod kaf sutabqidne sEh@ed welins; ©)
Subj ecting the printed contact lens to predeterm ned tenperature and

atnospheric cogfld QNthel 2 AdPIsCASE & B RBHsiAdEF td BeCRYRE bf he present

invention.

10 Summary of the Invention

With the above and other objects in mind, the present invention provides a
method for the printing of a contact lens constructed of a hydrophilic polymer,

the method including the steps of:

a) Providing an ink mixture including at least one acrylic pigmented
polymer emulsion;

b) Printing the ink mixture on to a dry lens surface of the contact lens;

c) Subjecting the printed contact lens to predetermined temperature
and atmospheric conditions for a predetermined time to cause the

20 pigment to adhere to the lens.

Preferably, the ink mixture contains a solvent which contains one or more of

the functional groups —CO:, ~CH-CH; and ~OH.



20 pignent to adhere to the lens. Preferably, the ink mxture c I
sol vent which contains one or nore of the functional groups Co%@f@ze&f)f;

and -OH. 5 05/05/2006 Preferably, the acrylic pignented polyner enulsion is
in the range of from50 to 60% weight of the ink m xture, and the sol vent

is inther ang?rﬁéraﬁryoﬂie%rﬁfb pléxge{ﬁtga | memgjsﬁnhﬁ ih e fEh¥d Uf Bom 19IE

sol vent may be et hyl [ act at’e. contact |ens may have an“iris pattern

A G T e L

predet er ni ned tenper ot
hours. 10 The ngfhod may fu |ncluethe step, of ating the lens in
a saline sol ut% et fé%ﬁﬂ“ié’élleqr?re "p?"é‘feé‘F%VPelthYX%@taFeange of from?2

to 5 hours. The saline solution my have a pH of 8.2 and may be at a
tenperature of 80C. Preferably, the saline solution is stirred during the
hydration. In another aspect the present invention provides an ink m xture

to be used to The tarttach lanmh@cliavk @n srypdtterraprigtdthereohnprefeidblyron adroat,
including at | east one acrylic pignmented polymer enul sion, and a sol vent.

20 Brief Descr bgivie@Bur®icetofthddems ngs I n order that the invention may be
readi |y understood and put into practical effect, there shall now be

descri bed by way of non-limtative exanple only a

The predetermined temperature may be 120°C, and the predetermined time

may be 12 hours.

10

The method may further include the step of hydrating the lens in a saline
solution for a required time, preferably in the range of from 2 to 5 hours. The
saline solution may have a pH of 8.2 and may be at a temperature of 80°C.

Preferably, the saline solution is stirred during the hydration.

In another aspect the present invention provides an ink mixture to be used to

print a contact lens with a colour, the ink mixture including at least one acrylic

pigmented polymer emulsion, and a solvent.

20 - Brief Description of the Drawings

In order that the invention may be readily understood and put into practical
effect, there shall now be described by way of non-limitative example only a
preferred embodiment of the present invention, the description being with

reference to the accompanying illustrative drawings in which:



preferred enbodi nent of the present invention, the description i it
reference to the acconpanying illustrakive drawi ngs in which: 6%%@5?‘210?)%
representation of a prior art product; 05/05/2006 FIG 2 illustrates the

changes taking place in the colour ink mxture/lens systemduring the
heating and hydrati OG1GPa repidsthtaflon 8f FpiGREERERIAL | On corresponding to
nt 1

Fig. 1 but of a first formof the prese nvention; FIG 4 is an
illustration corresponding to Figure 5 but of a second form 10 of the
present invention; FIG 5 is an illustration corresponding to Figures 5 and

6 but of a third formof t resent invention; FIG 6, illustrates_the
W-Vis spectra of a idfeat ﬂ&ﬁgﬁﬁft the nehangeyy tapng  plagg |igs theaic@low hBkuv- Vi s

spectra of a blue coloured contact lens, revealing the transmttance after
printing a col our i rRixkuglensgystém daong thertheaibeg anskhydr@OnBeps;r i pti on of the
Preferred Enbodi ments This procedure is related to the preparation of inks
for contact |enses substrates, which nake up the |enses. Such | enses may
al so be called "cosnetic" lenses as they may nodify the col our of the

eyes. This may be aghieyed; RprausREaHEREspondMgtoUtis. PhuddT/filsCrRRl ofmer

emul sion with a co-sol vent such as, for exanple,
the present invention;

FIG. 4 1s an illustration corresponding to Figure 5 but of a second form

10 of the present invention;

FIG. 5 1s an illustration corresponding to Figures 5 and 6 but of a third

form of the present invention;
FIG. 6 illustrates the UV-Vis spectra of a clear contact lens; and

FIG. 7 illustrates the UV-Vis spectra of a blue coloured contact lens,
revealing the transmittance afier printing a colour ink layer with
dot/line pattern.
20
N Description of the Preferred Embodiments
This procedure is related to the preparation of inks for contact lenses substrates,
-which make up the lenses. Such lenses may also be called "cosmetic" lenses as
they may modify the colour of the eyes. This may be achieved by suspending a

mixture of acrylic polymer emulsion with a co-solvent such as, for example,



7 05/05/ 2006 ethyl lactate (CH3CH(OH) COOC2H5) and appl ying the rﬁﬁﬂgé?%t 6
m xture to one surface of the contact 4ens by transfer pad prier ng>/ 9

surface is preferably dry and, nore preferably, is the front, convex
surface. 10 20 The first aspect of present invention provides new reaction

mechani sms and dgRdysdidts ?CHQGI?('}]@MOCJH%%?&@%? 'St trgélﬁtaﬁﬁﬂi éﬁ%% BRd ymer

are bonded to each ot her by e ‘bondi ng unction group,

preferably sel egled [F@mal, LEas! pPRG QL 54 :lrilting._ and.c N e .ébtl.'y a
second functional group, prefe b @ OF e nPESRE e C¥5 -ﬁ? ="“CH3 or
C21- 15 and an id.. By heatin ag%w?%dration strong hydrogen bondi ng and

coval ent bonds %Y 814 §aqrg greferpbiy, 1 ot FORVEs SYHSe. changes taking place in
the colour ink m xture/lens systens during heating and hydration and shows
the surface of the lens 1; functional groups 2, 3; hydrogen bonds 4; and
coval ent bonds 5. An acrylic polymer enulsion of a pignent can be used
provi ded the piTheditt agpadt dfeprdicns ddvweation Pravides s ssattiots adchimigpisaal ed t he
bi nding ink m xture, and which provides the proper physical and technical

properties for jRfusifal ReplechB®. Pi gments chosen nust contain certain
functional groups, and a listing of preferred pignents is shown in Table

1. s
The colour mixture and lens polymer are bonded to each other by the bonding
of a first functional group, preferably selected from at least one of ~-COOH,
10 _OH, and —NH, with a second functional group, preferably of an ester
—CH(OH)CO:-R, R = CHs or C:Hs and an acid. By heating and hydration
strong hydrogen bonding and covalent bonds are formed. FIG. 2 illustrates the
changes taking place in the colour ink mixture/lens systems during heating and
hydration and shows the surface of the lens 1; functional groups 2, 3; hydrogen

bonds 4; and covalent bonds 5.

An acrylic polymer emulsion of a pigment can be used provided the pigment
can be dissolved in the solvent used to prepared the binding ink mixture, and
which provides the proper physical and technical properties for printing. The
20 pigments chosen must contain certain functional groups, and a listing of

preferred pigments is shown in Table 1.



05/ 05/ 2006 Col or Chem cal nanme Cadm um Yel | ow OrangeCadm um Sul f%ﬁégyiz%e
Yel | ow CchreHydrous |Iron Oxi de M ddl e @ eenMdnoazo, Polychloro p 06
pht hal ocyani ne Acant hus G eenAnhydrous Chrom um Sesqui doxi de Cerul ean

Bl ueCobal t Stannate Conpose Bl ue #2Copper phal ocyani ne, Titani um Di oxi de
Conpose Vi ol et D oxazi ne Pignent, Titanium D oxide Light BrownCondensed Azo
Pi gnent Mars Bl ackFerroso-Ferric Oxide Titani um WiteTitani um D oxi de G ey
V- 7Car bon, Hydrous Iron Oxide, Titanium Di oxide G ey V-5Titani um D oxi de,
Hydrous Iron Oxide, Carbon TABLE 1 9 05/05/2006 Bl ends of different

col ouring substances may be used to achi eve the desired performance. For
exanpl e, the poly(neth)acryl ate conbi ned nethl | opht al ocyani ne conpound has
a structure in which a nethall ophthal ocynine group and a (nmeth)acrylic

acid copolyner noiety are

Color Chemical name
Cadmium Yellow Orange | Cadmium Sulfo-Selenide
Yellow Ochre Hydrous Iron Oxide
Middle Green Monoazo, Polychloro Copper phthalocyanine
Acanthus Green Anhydrous Chromium Sesquidoxide
Cerulean Blue Cobalt Stannate
Compose Blue #2 Copper phalocyanine, Titanium Dioxide
Compose Violet Dioxazine Pigment, Titanium Dioxide
Light Brown Condensed Azo Pigment
Mars Black Ferroso-Ferric Oxide
| Titanium White Titanium Dioxide
't Grey V-7 Carbon, Hydrous Iron Oxide, Titanium Dioxide
Grey V-5 Titanium Dioxide, Hydrous Iron Oxide, Carbon

TABLE 1



conmbined with each other. ¢ N\ 10/ GNNC/ \ NCG ~ NCU -~ 0~
The various conpounds used in the col ourg m xture, including theoéa)&é%?()%s
bi ndi ng and sol vent conpounds, depend on an aci d-based catal yst which:,

differs fromthat of the isocyanate conpounds of the prior art. |socyanate

compounds are v gfighds RFHHHEniMSIBuSYE ublstAES ﬁgy%etﬁ%‘f(ﬁ% ;&gg?%e ee‘?;és\%/g(ltﬁce)lr o

The conpounds of the present 1 nvention are genera
al cohol 20 are present. This stabilit ermts greater. control of..reaction
speed, and a \A/Bﬂi(?m}ag?ﬁje of E@'ma?ﬁaﬂﬁﬁety%%hég)@'@ﬂ@@w{%er obf th

| socyanate conpounds. The result is a greater control of pot life, and

vi scosity vari alctiorhiglocraniaan eompaingd: e bant o2 nfreies pAddudthidualdty. 10
05/ 05/ 2006 According to one enbodi nent of the invention the col our coating
formul ati on methallophthalocynine group and a (meth)acrylic acid copolymer moiety are

combined with each other.

r (Rl (3™ T
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The various compounds used in the colour mixture, including the pigment
binding and solvent compounds, depend on an acid-based catalyst which,.
differs from that of the isocyanate compounds of the prior art. Isocyanate
compounds are very reactive with even trace amounts of water or alcohol. The
coinpounds of the present invention are generally stable when water or alcohol
20  are present. This stability permits greater control of reaction speed, and a
.wider range of compatibility. These present problems with isocyanate .
compounds. The result is a greater control of pot life, and viscosity variation, .

which can franslate into improved product quality.



is provided in the formof a mx with one step. The viscosity of X A
advant ageousl y adjusted by addition ofjpa co-sol vent appropri ateof'Eyr]&?ngdg
coating nmethod enployed. The col our coating formulation is advant ageously
inprinted in a known manner directly on the front, convex |ens surface to

give a confi gucaérdig 1510k lefttiofindnt @f S MGEHoR tRE chlBBr tdatifig fEIANAIAL i on COf
Ink Mxture Usable In Printing: 10 Co-solvent 100.0Qg Catalyst 0.2g Col our

substance quan%ﬁ }%rxvﬂgéijﬁ gga é&grﬁvgﬁmgsﬂhiso %e}[;n ’i%@wsTc%g:}beﬁ%S fyjsean be

adj usted by ad ion o needed.” Thé quantities of col our
substance to be,used varies in, . accordance w th the col.our. substance(s) :
used, and the BOWH a@?%ﬁ{ye?(ﬁlé%fﬁd !?:Ve%(f Wy Of‘clan‘éo'ﬁ%‘-’%lagﬁ'ﬁimﬂﬁ@rﬁge SPRML,i t abl e
conpound such as, for exanple, ethyl lactate; the catalyst can be of a
sui t abl e for m BgHRdasmplayed.exaist €olouppcentinge fypudation A9 tadyerfreeonalyexact
shades used in practising the invention are not critical, the shades
produced by t hinprivitsl mrokmowmmbidrer Jabétly & thel foont,araver eaenirface tpeber r ed:
05/05/2006 U U Wx x U

a configuration simulating the structure of the iris.

Preparation Of Ink Mixture Usable In Printing:

10 Co-solvent 100.0g
Catalyst 0.2g
Colour substance quantity desired

The components are mixed. The viscosity can be adjusted by addition of a
solvent, if needed. The quantities of colour substance to be used varies in

“accordance with the colour substance(s) used, and the completed effect desired.

The co-solvent may be any suitable compound such as, for example, ethyl

lactate; the catalyst can be of a suitable form such as, for example,

- 20 amineaonacid.

Although the exact shades used in practising the invention are not critical, the
shades produced by the inks shown in the Table 2 below are presently

preferred:



05/05/2006

XXXXX BE-+ a x UOXx Ua Wkk o wxx Cl Oxx U

kKxxx w ax

3PIX() OLLIAJ-0S0LId,]
SYRUIWN]Y WNWOTY)~){Eq0D)

uogre)) -

OpIXOI(J Umiue)y,

suruefooreyyd seddo)
SPIXOMbSog WRITUOI)) SNOIPAYUY
suteAsoreyyyd reddoy) oromoLjog
dPIX() UOI] SNOIPAY
SpIUS[eg-OY[ng WMIWpe))

0d4d
Vo0

o)

‘OLL
doD
012 0)
dod
024
SeSPD

"Posn aze suonEIAdIqqe SULMO[]O] 3U} ‘S]qe) 9A0qR SY} U]

[oZef]

nusay)

enby

angg

IOTA

U391

K210

Yoo

d0

Oddq

dd

OLL

doD ‘0D dod 094 SeSPD

Sl—|cifen| <] 0]~
Z

cdIavL

It

INOT0)) TEUTHON




sU O-ti N . Z Z-.NMF/VON N > QUQ 00" VO i Owa OOFOOw |
05/ 05/ 2006 Lens Printing Procedure: A g¢pntact lenses in accordarqg/%}é()[%

disclosure in Knapp's U S Patent. No. 4,582,402 is illustrated in FIG 1.
The el enments of the pattern is nmade-up of a series of dots, and especially

preferred are dehspPrhgicPsosmrof themrun together. The lense is printed,
I.e. a type of coating, wth a coloured dot pattern in accordance with

U.S. Pat. No. 4y ofact%nsédiNaRPrdafc@ wiBRH didostR%n 18RSp's U.S. Patent. No.

4,582,402 is illustrated in FIG. 1. The elements of the pattern is made-up of a

series of dots, and especially preferred are dots where some of them run
together. The lense is printed, i.e. a type of coating, with a coloured dot pattern
in accordance with U.S. Pat. No. 4,582,402 (Knapp). For each ink and lens,
the ink is placed on a metal cliché containing an image formed by a pattern of
recessed cells. Excess ink is removed from the cliché by wiping the surface
with a doctor blade. Ink in the recessed image is removed by transferring it to
10 a soft rubber pad, which is pressed over the recessed image. Ink on the rubber
pad is then transferred to a lens by contacting the inked part of the pad with the

lens. Freshly printed lenses are heated up 12 hours at 120°C fo complete the

bonding and processes.

This aspect of the invention may be summarized as a method for making a

coloured contact lens including the steps of:

1)  the printing of dry contact Iens.esly:
a) setting up an ink cup pad printing machine ;
20 'b) placing the lens onto the chuck and centrally aligned is within the
-guide ring;
¢) standing the vacuum pump. to hold the lens in posttion;
d) applying the ink mixture on the cliché using a brush ensuring that the
mixture covers the "iris pattern";

€) removing the excess ink mixture on the cliché by a doctor blade;



the ink is placed on a netal cliche containing an inmage forned Mgzétogé‘n
of- recessed cells. Excess ink is renoyed fromthe cliche by w pi

surface wth a doctor blade. Ink in the recessed inmage is renoved by
transferring it to 10 a soft rubber pad, which is pressed over the recessed

i mage. |nk on the fulpglyingahe padtotthe Bli¢Hsavst &F piekl up ehedink @digtuly cont acting
the inked part of the pad with the Ilens. Freshly printed | enses are heated

up 12 hours at 120 LeL&fdrh@rdsbondi ng and processes. This aspect of
t he i nvention may %e Slﬁ%ﬁl’ﬂl ?ed as asrret hod for making a col oured cont act

Iensincludingthe ste the printin ntact sesly: a)
setting up an ink upog E‘?Pﬁ%v‘f’f&c C qﬁigﬂr% %5 ﬂf‘uel%fl%ns onto
t he chuck and centéal |y, al Lﬁ hi n the guide ri ng c) standing the
vacuum punp to hold s %Pi" ?fi@iaf d) applying the ink mxture on
the cliche using a brush ensuring that the m xture covers the "iris
pattern”; e) renovlngtoppiagghecesyuipumy tetreleesedine kehs aodi che by a doct or
bl ade; 13 .05/ 05/ 2006 f) applying the pad to the cliche for it to pick up
the ink mxture; 1) remosiahgf thléenpdcni tiewhtelSandplacimyit bg atthe. pad vertically
to transfer the ink mxture on to the lens; i) noving the pad backwards;
2) the fixing of the colour coating on the lens surfacesly heating the lens in
an oven so that bonding takes place and the bond, as well as the ink
10 mixture, is cured. A preferred temperature is about 120°C, for a preferred
duration of about 12 hrs. However, other temperatures and durations may

be used to give the same effect. Excessive temperatures should be

avoided to reduce the likelihood of damage to the lens.

3) | and finally, the hydration of thé coated lenses:
' _Upon the heat treatment concluding, the dry lens is placed in.a basket
(preferably of a plastics material) and is immersed in a buffered saline
solution preferably with a pH of 8.2. The solution is stirred at a
temperature of about 70° to 80° C for a duration of about 2 to 2.5 hrs.
20 ~ Water is thereby absorbed into the lens from the solution and the solution

-dissolves potential non-reacted components that are left in or on.the lens.

Spectral Transmittance and Adhesion Testing:

The colourants used in the ink mixture are listed in Table 1. For example, for a

hazel colour, homogencously mix 1.000g of acrylic pigmented polymer



]) stopping the vacuum punp to release the lens; and k) renoval I

fromthe chuck and placing it on a trays 2) the fixing of the C(S)I%Ik{u(ﬁg?zo(ﬂ]g
coating on the lens surfacesly heating the lens in an oven so that bonding
t akes place and the bond, as well as the ink 10 m xture, is cured. A

preferred tenperaldise 1h61udllﬁgbﬁfadi121ﬁCSulfGDSelﬁ> selehigs,r @l hedoad Teh Okidapout 12
hrs. However, other tenperatures and durations may be used to give the

sane ef fect. E&%&%vsl&ﬁqgnﬁ{dwogé H&%ghdpe\mm%gggﬂi gfs%mgﬁtp e

| i kel i hood of damage to t ens and at1on

coat ed | enses: f on_L e heat .treatnment concluding, the dry lens is placed

i n_a basket (p? aep% 8?“5X?5‘fast|cs material) and is inmmersed in a
buffered saline sol utlon preferably with a pH of 8.2. The solution is
stirred at a tenperature of about 70 to 80 C for a duration of about 2 to
2.5 his. 20 Water is thereby absorbed into the lens fromthe solution and
the solution &iéyolispesalfelentis atinted mpnritalromdcannpoidenyvigh tidaof askadeeft i n
or on the lens. Spectral Transm ttance and Adhesion Testing: The col ourants

used in the i nbomainingrgaes, hid besindifg Talke. 1ThdpfinRd papks:, isf dowa inhazel
col our, honobgeneously m x 1.000g of acrylic pignented pol yrrer 14 05/ 05/ 2006

emul sion, inclpgiRe Cadid@sMbitrIat il &%h@ﬂ'}ija%m ad O Hin,| WRA ofX1 de,

Ti tani um Di oxi dé and Ferroso-Ferric Oxide, with 7000g of a co soI vent to
a forma pri n&dt&%aalﬂan‘(')f(&b%ﬁF&ZSmm and an inner radius R" of about 3.05m.

10 The printed disposable colour lens is then placed in a petri dish and placed in
an oven. The temperature in the oven is maintained relatively constant at about
120°C for about 12 hours. The petri dish is then removed, put aside to cool to

room temperature, and the lens taken for hydration.

' _The special transmittance curves of clear lens and blue coloured lens were
measured according the ISO wet cell method in the wavelength 200 to 800 nm.
Both curves, Fig. 6 for clear lens and Fig. 7 for blue coloured lens, show about
90% transmittance. It means that the colour printing pattern on lens does not
affect the light transmittance.

Hydrated coloured lenses were examined to determine if any printed pattern
was removed by rubbing with finger, and cleaning it in ultrasonic cleaner for 5
 minutes. The result shows that the colour adhesion is satisfactory for normal

usc.



A dry disposable lens is printed on its front, convex side withg f
shade containing pignent, and a bindimy solvent. The printed pgﬁ]}((?ﬁ/i@OG
shown in Figure 2. It covers nost of the iris section, having an annul ar
form with an outer radius R of about 6.25mm and an inner radius R' of
about 3.05m 1QGVHilse thefenthasl tshies pdesatibel dol ihar fdreguing sdeséripiopl pdehddn a
petri dish and placed in an oven. The tenperature in the oven is

nai nt ai ned r el gibY@nénfsUThe Plesdit uﬁﬁiﬂén ltl\%ﬁﬁaé hdahosy b);-%oglpélﬁﬁed ihhe petri

dish is then renoved, put aside to cool roon1tenperature and the | ens
taken for hydr t Ve and
ken o Y Bl @kl tﬁ%?é%p?%ﬁ%%@%%#ﬁéﬂ%ﬁtﬁ# el St RS

t he. wavel engt h Both curves, Fig. 6 for clear |lens and Fi g.
7 for blue col 8’&8 ‘ﬁ%Ws‘{%P?WBﬁ/f@BBWFPI@B‘%“@Y B ttance. It neans that the
colour printing pattern on |lens does not affect the light transmttance.
20 Hydrated coloured | enses were examned to determne if any printed
pattern was renoved by rubbing with finger, and cleaning it in ultrasonic
cleaner for 5 mnutes. The result shows that the col our adhesion is
satisfactory for normal use. 15 05/05/2006 Wil st there has been descri bed
in the foregoing description preferred enbodinents of the present
invention, it will be understood by those skilled in the technol ogy that
may variations or nodifications in specific details may be



made wi thout departing fromthe present invention. 05/05/2006 1%&@#%6
A nethod for printing a contact |ens constructed of a hydrophilic'p "

the nethod including steps of. 5 (a) providing an ink including at |east
one acrylic pignmented polynmer enulsion and a co-solvent; (b) printing the
ink on to a dry lens surface of the congact |ens; (c) subjecting the
printed contact lens to tenperature and atnospheric conditions for a
predetermned tine to cause the pignent to adhere 10 to the lens; wherein
the acryl i 6LAIMSent ed pol yner enmulsion is in the range of from50 to 60%
by weight of the ink. 2. The nethod of claim1, wherein the co-solvent has
one or nore of the 15 functional groups -CO2, -CH2CH3 and -COH 3. The
net hod of €l ai nA Znethbe@f&i pririting sedritaetlehs cbAstiiited anacyatoghiRpdtdmep 70%
by wei ght ?:f the ink. 20 4. The nethod of claim?2 or claim3, wherein the
sthegmgthofl dpgludiag stepsphe net hod of any one of clains 1 to 4 wherein

sol vent i

the contact | eng)has,@idink’ i ifkinbREdthd? Li : n hod of
any one of cl air(n%; 1§Jtro 5l,nbv$1e;ﬁek?n F{qe ggé{r f%gobge%&?&oﬁ%&&é%dnggl erface
of the lens. emulsion and a co-solvent;

(b)  printing the ink on to a dry lens surface of the contact lens;
(c) subjecting the printed contact iens to temperature and atmospheric
conditions for a predetermined time to cause the pigment to adhere

10 to the lens;
wherein the acrylic pigmented polymer emulsion is in the range of from 50 to

60% by weight of the ink.

2. The method of claim 1, wherein the co-solvent has one or more of the

15  functional groups —CQ,, —CHzCH3 and —OH.

3. The method of claim 2, wherein the solvent is in the range of from 40 to

~ 70% by weight of the ink.
20 4. The method of claim 2 or claim 3, wherein the solvent is ethyl lactate.

5. The method of any one of claims 1 to 4 wherein the contact lens has an

iris pattern printed thereon.

25 6. The method of any one of claims 1-fo 5, wherein the surface is a front,

convex surface of the lens.
7. The method of any of claims 1 to 6, wherein the temperature is 120°C.

30 8. The method of any one of_claims 1 to 7, wherein the predetermined time is

- 12 hours.



The met hod of any of clainms 1 to 6, wherein the tenperature is
The nmet hod of any one of clains | to 7, wherein the predeterm nﬁ@ﬁz(}}@m

12 hours. 05/05/2006 17 9. The method of any one of clains 1 to 8, including
the further step of 5hydrating the lens in a buffered saline solution for a
required tinme. 10. The nethod of claim®, wherein the required tine is in
the range of from2 to 5 hours. 11.The nethod of claim9 or claim10,
wherein the buffered solution has a pH of 8.2. 10 12. The net hod of any one
of claims 9 to 11, wherein the saline solution is at a tenperature of 80C

13. The hod gf  any, one.of cl ai to erein the saline solytion is
15 stirre 'duriﬁbe ﬂ%"%@&?é&'ﬁ%ﬂﬂe WE.C?EFH'!? a}ez@h%mgﬁjdg[}%,%iur&er(ﬁtgp 1to
13, wher eiliydragngstiell@esini Sbuffered Salind\Bolutidn fe equpéditifie. print a cont act

| ens of an hydrophilic polymer with a 20 colour, the ink including at

| east one acrylic pignmented pol ner enmul sioin, and a sol vent containing one

o or's ot he 1wkl iAW 1ioCHREE: A0 i e etk S

pi gnented polyner enmulsion 1s 1nt
ink mixtute5®Irs6. An ink as clained in claimi15, wherein the solvent is

in the range of from

11.  The method of claim 9 or claim 10, wherein the buffered solution has a pH
of 8.2.

10
12.  The method of any one of claims 9 to 11, wherein the saline solution is at

a temperature of 80°C.

13.  The method of any one of claims 9 to 12, wherein the saline solution is

15  stirred during the hydration.
14.  The method of any one of claims 1 to 13, wherein the surface is dry.

15.  Anink to be used to print a contact lens of an hydrophilic polymer with a

20  colour, the ink including at ieast one acrylic pigmented poimer emulsioin, and a
solvent containing one or more of the functional groups —CQ,, —CH,CHj3 and
—OH, the acrylic pigmented polymer emulsion is in the range of from 50 to 60%

weight of the ink mixture.

25 16.  Anink as claimed in claim 15, wherein the solvent is in the range of from
40 to 70% by weight of the ink mixture.

17.  An ink as claimed in any one of claims 15 to 16, wherein the solvent is
ethyl lactate.
30



40 to 70% by weight of the ink mxture. 17. An ink as clained i @n% 9%3)(%
clains 15 to 16, wherein the solvent is ethyl lactate. 30 05/05/-20 %

18. A contact lens construct of a hydrophilic polynmer when printed
according to the method of any one of clains 1 to 14. 19. A contact |ens
constructed of a hydrophilic polymer when printed with the 1ink of any one
of claims 15 to 17.

18. A contact lens construct of a hydrophilic polymer when printed according

to the method of any one of claims 1 to 14.

19. A contact lens constructed of a hydrophilic polymer when printed with the

5  ink of any one of claims 15 to 17.



